Manifestations of pronounced shell effects are discovered when adding nonaxial octupole deformations to a harmonic oscillator model. The degeneracies of the quantum spectra are in a good agreement with the corresponding main periodic orbits and winding number ratios which are found by classical analysis. substantial insight into the role of the octupole deformation for axially symmetric systems [8] [9] [10] . Axially symmetric octupole deformation which leads to soft chaos in the classical case produces short periodic orbits at particular parameter strengths, and, correspondingly, pronounced shell effects arise in the quantum spectrum [8, 9] .
pronounced shell effects rather difficult. Results based on the term Y 3±1 , which was suggested by Mottelson [13] and studied in [14] , have been questioned in [15] . Other attempts which incorporate nonaxial octupole deformation start with axially symmetric potentials; they have found indications of shell effects using Y 3µ deformations mainly with µ = 0, 2 [15, 16] . The increasing accuracy of measurements of nuclear spectra, due to the new generation of detectors, gives substantial indications of strong octupole correlations [3, 17] . This calls for a thorough analysis of nonaxial octupole deformations. A similar question about shell effects in electronic structures and their connection to octupole deformations arises from the ab initio calculations of the melting transitions in small alkali clusters [18] . In this Letter we demonstrate the existence of strong shell effects which arise in the tri-axial harmonic oscillator combined with nonaxial octupole deformations. The model may serve as a simple and transparent study of the effective mean field for mesoscopic systems like nuclei and metallic clusters. In addition, features characteristic of realistic potentials, i.e. a coexistence of regular and chaotic dynamics and the consequences for quantum mechanics, are addressed.
Similar to the procedure pursued in [8] we are guided by the study of the classical motion in obtaining the quantum mechanical results. The single-particle Hamiltonian considered The quadrupole shapes as determined by the parameters a, b, c are illustrated by the hexagonal figure given in Fig.1 . The three axes denoting axially symmetric prolate (oblate)
shapes differ by an appropriate permutation of the coordinates x − y − z. For physical consideration it is therefore sufficient to consider just one sector if only quadrupole deformation is being studied [6] . However, the addition of an octupole term defines an orientation, since it refers to a specific z-axis. Therefore, when adding, say, the term r 2 λ 30 Y 30 , the physical situation is different for two oblate cases, for example, obl/x and obl/z in Fig.1 . Note that the latter case would preserve axial symmetry, thus making it effectively a two degrees of freedom system. But the former case is now a genuine three degrees of freedom system, since the symmetry axis of the quadrupole shape (the x-axis) is different from the symmetry axis of r 2 λ 30 Y 30 (the z-axis).
In the same vein, the addition of a term r 2 λ 3µ Y 3±µ to any of the axially symmetric quadrupole shapes, gives rise to a three degrees of freedom system for µ = 0.
The effect of r 2 Y 30 upon the axes pro/z and obl/z has been dealt with in [8] . 
the pro/x axis an averaging over θ z is thus indicated. Moreover, for the reasons just given,
an averaging over θ z , which yields an effective potential in the x − y-coordinates, is expected to make little difference from an effective potential obtained by simply setting z = 0. This expectation is convincingly confirmed by numerical tests as long as ω z ≥ ω y . In other words, 
where K and 2 F 1 denote the first elliptic integral and the hypergeometric function, respectively, and ξ 
By appropriately tuning the parameters b, c and λ 33 , we can obtain simple ratios for the winding numbers. They determine short periodic orbits which are expected to occupy a major part of a phase space.
For a two-dimensional problem the Poincaré surface of section can be used for the estimation of the percentage of phase space occupied by periodic orbits. In the present situation, the five dimensional phase space renders an understanding of the underlying structure rather difficult. The technique utilized here is essentially a frequency analysis. It is in principle impossible to determine whether a trajectory is quasi-periodic or chaotic merely by looking at the frequency spectra [20] . A pragmatic approach is adopted here in that an initial condition is deemed to yield a chaotic orbit if the associated frequency spectra have sufficiently many discernible peaks. We call an orbit chaotic if any one of the frequency spectra has more than six peaks with intensities greater than 1% of the maximum intensity. These As a quantitative measure for shell structure we use the Strutinsky-type analysis introduced in [8] . From the quantity ∆E(λ,
where δE is the fluctuating part of the total energy, we obtain the precise location of the magic numbers (see Fig.4) . Similarly, the whole discussion can also be applied to the axis pro/y in Fig.1 by using the combination r The CFA, applied to the combination r The cases considered here represent novel examples of three-dimensional non-integrable systems, which can be well-approximated by integrable ones. The results of the current literature are limited primarily to axially symmetric non-integrable systems [7, 12] . Special values of parameters, found with the 'removal of resonances' method, produce potentials conducive to regular classical motion in much of phase space. The various octupole combinations may have different effects on the generation of shell structure, depending on where the unperturbed potential lies in the hexagonal figure (Fig.1) [8] to the domain of triaxiality in that the combination of quadrupole and nonaxial octupole deformations has been shown to lead to shell effects equivalent to those from a plain quadrupole deformed potential, at least for the first one hundred levels. More comprehensive details of the classical frequency analysis, the adiabatic approach and the quantum mechanical analysis will be presented in a forthcoming paper. Finally, we note that negative parity states observed in rare-earth nuclei with neutron number N ∼ 92, which become yrast at high spins, need an unexpectedly strong degree of triaxiality (see [21] ) when described in terms of quadrupole and hexadecapole deformations only. We suggest that inclusion of an octupole deformation 
